Ichnotaxonomic revision of two extended sequences of large tetrapod footprints from the Westphalian A Bochum Forma− tion of western Germany suggests assignment of the specimens to the well−known Permo−Carboniferous ichnogenera Ichniotherium and Dimetropus. Trackway parameters and imprint morphology strongly support basal diadectomorphs and "pelycosaurian"−grade synapsid reptiles, respectively, as the most likely trackmakers. The ichnofossils thereby extend the first appearance of these two important groups of basal tetrapods by about 5-10 million years, to the early Late Carbonifer− ous, which is in accordance with the minimum age for the evolutionary origin of the clades following widely accepted phylogenetic analyses. These trackways provide not only direct evidence bearing on activity and behaviour of large terres− trial tetrapods close to the origin of amniotes, but also serve as a valuable benchmark for the assessment of controversially interpreted vertebrate tracks from other localities of similar age. 
Introduction
The Carboniferous is an important period in the evolution of terrestrial tetrapods including the first appearance of amniotes (Clack 2002) . Recent findings suggest a remarkable radiation of amniotes soon after their origin about 320 Ma ago (e.g., Reisz and Dilkes 2003; Kissel and Reisz 2004a; Müller and Reisz 2005) . Most clades of early synapsids, sauropsids, and closely allied anamniotes, however, are represented by ghost lineages only, indicating a significant lack of data from the skeletal fossil record (Reisz 1997 (Reisz , 2007 Reisz and Müller 2004) . Tetrapod footprints are an abundant source of informa− tion that may supplement the skeletal record in multiple ways (Carrano and Wilson 2001; Voigt et al. 2007 ). The present pa− per is intended to demonstrate the importance of vertebrate ichnology for timing the origin and evolutionary history of two important groups of terrestrial tetrapods based on the revi− sion of two extended sequences of reptiliomorph and amniote tracks from the early Late Carboniferous of western Germany.
Pre−Stephanian Late Carboniferous tetrapod footprints are relatively rare in European coal beds and associated strata. Tracks are only known from a few horizons of Westphalian age and include the following stratigraphic units: (i) Faisceau de Dusouich, Westphalian C, Bully−les−Mines, Pas−de−Calais Basin, northern France (Dollé et al. 1970) ; (ii) Sulzbach For− mation, Westphalian C, Neunkirchen, Saar area, western Ger− many (Weingardt 1961; Fichter 1982; Voigt 2007) ; (iii) Rad− nice Member, Kladno Formation, Westphalian C, Radnice Basin, western Bohemia, Czech Republic (Turek 1989) ; (iv) Alveley Member, Salop Formation, Westphalian D, Alveley, southern Shropshire, Great Britain Sarjeant 1973, 1974; Tucker and Smith 2004) ; and (v) Zwickau Forma− tion, Westphalian D, Zwickau and Lugau−Ölsnitz, Erzgebirge Basin, eastern Germany (Geinitz 1885; Beck 1915; Müller 1962; Haubold 1970 Haubold , 1971 Haubold , 1984 . The tracks from the Bochum Formation, Westphalian A, of the Ruhr area, western Ger− many (Kukuk 1924 (Kukuk , 1926 Schmidt 1956 Schmidt , 1963 , which are the focus herein, represent an outstanding occurrence, because they are the stratigraphically oldest record of Late Carbonifer− ous vertebrate footprints outside of North America.
In recent years, much progress has been achieved in the study of Permo−Carboniferous tetrapod ichnofaunas from central Europe regarding recognition of anatomically based characters of Late Palaeozoic tetrapod footprints (Haubold 1996 (Haubold , 2000 Voigt and Haubold 2000; Voigt 2005 Voigt , 2007 and the identification of potential trackmakers (Voigt 2005; Voigt et al. 2007 ). Reanalysis of the tetrapod tracks from the Westphalian A of the Ruhr area provides strong arguments for their referral to two ichnogenera which are substantially affiliated with Stephanian and Early Permian red−beds. For both taxa there is a broad consensus on the trackmakers within reptiliomorph amphibians (diadectomorphs) and basal synapsids ("pelycosaurs"), respectively. Taking into account the fact that the tracks are about the same age as the oldest known definitive amniotes from Joggins, Nova Scotia (Carroll 1964; Falcon−Lang et al. 2006 ), we present a unique record of large terrestrial tetrapods from an early phase of amniote evolution.
Institutional abbreviations.-DBM, Deutsches Bergbau− Museum, Bochum, Germany; GZG, Geowissenschaftliches Zentrum, Göttingen, Germany; MB, Museum für Natur− kunde, Berlin, Germany; MNG, Museum der Natur, Gotha, Germany; UGBL, Urweltmuseum Geoskop, Burg Lichten− berg, Thallichtenberg, Germany.
Other abbreviations.-A, distance between manus and pes; B, width of pace; C, apparent body length; L, left manus−pes couple; m, manus imprint; mb, width of manus imprint; ml, length of manus imprint; mI to mV, length of digit I to V of the manus imprint; P, length of pace; p, pes imprint; pb, width of pes imprint; pl, length of pes imprint; pI to pV, length of digit I to V of the pes imprint; R, right manus−pes couple; S, length of stride; a, pace angulation; b, deviation of manus or pes from midline, plus b outward rotation, minus b inward rotation; g, interdigital angle I-V; I-II-III-IV-V, first to fifth digit, numbered from medial to lateral side of imprint.
Material and methods
In 1923 an assemblage of 30 tetrapod tracks was discovered in the subsurface "Präsident" coal mine at Bochum, western Germany, during tunnel preparation work at the roof of the "Plaßhofsbank" coal seam, lower Bochum Formation, West− phalian A, 430 m below ground level (Kukuk 1924 (Kukuk , 1926 . The imprints were solely preserved in convex hyporelief on a thick slab of sandstone; the underlying mud rock with the orig− inal footprints had already been destroyed by mining activi− ties. One year after its discovery, the 2 × 2 m large trackway surface was moulded in plaster; copies were made for display in the geological museum of the Westfalian trade union for mining (Westfälische Berggewerkschaftskasse, WBK), Bo− chum; and in the conference hall of the "Präsident" coal mine. In preparation for a more detailed cast in 1952, the subsurface outcrop of the original trackway slab was expanded to 9 m 2 , then showing about 80 single tracks (Schmidt 1956) . A new and now coloured cast replaced the mould from the 1920s in the exhibition of the WBK geological museum (Fig. 1A, B) .
Before closing the "Präsident" coal mine in 1965, the WBK was able to salvage ten fragments of the original trackway sur− face for public display (Hahne 1966; Ganzelewski et al. 2008; Fig. 1C-F) . During the 1970s the WBK fossil collection moved to the German Mining Museum at Bochum (Deutsches Bergbau−Museum, DBM). The oversized mould of the tetrapod footprint slab of the "Präsident" coal mine proved cumbersome and had to become remodelled for easy han− dling. The resulting four−part plastic cast, together with the ten fragments of the original specimen, represents the material base for our study of the Bochum trackway slab.
At the same stratigraphic level, another long trackway was discovered in the "Erin" coal mine at Castrop, Ruhr area, western Germany, in 1957. The 0.5 × 2.25 m large slab con− taining about 30 single imprints is completely preserved; five successive pieces of the natural cast and two plaster casts are housed at the DBM.
Our trackway analysis is based on natural and artificial casts of the Bochum and Castrop specimens. To assess the variability of the trackways they were photographed both in overview and as individual imprints. Outline drawings on transparency film were made in order to record measure− ments of 28 different parameters of the trackway patterns and individual imprint morphologies (Appendices 1, 3). Data ac− quisition follows widely accepted standards of tetrapod ichnology fully described in related papers (e.g., Haubold 1971; Leonardi 1987; Voigt and Haubold 2000) .
Systematic palaeoichnology
Ichniotherium praesidentis (Schmidt, 1956 ) comb. nov. 1956 Megapezia praesidentis Schmidt, 1956 : 200-204, figs. 1, 2, pl. 14. 1970 Schmidtopus praesidentis Haubold, 1970 : 94-95, fig. 4D. 1982 Fichter 1982 : 68-72, figs. 29, 30, 32, tables 1, 7. 1984 Haubold 1984: 64, fig. 43: 1.
Holotype: DBM 060003259001 to DBM 060003259010, original mate− rial, preserved as convex hyporelief, and DBM 060003309001 to DBM 060003309004, plastic cast, four−part. All segments are part of the same trackway surface, 2 × 4.6 m in size, covered by about 80 monospecific im− prints of three trackways (Fig. 1A-C ). Owing to a mistake that occurred when the replica of the slab was reconstructed during the 1950s, the first two imprints of the best preserved trackway are portrayed twice (Fig. 2 ).
Type locality: Former coal−mine "Präsident" at Bochum, Ruhr area, western Germany (Kukuk 1924 (Kukuk , 1926 . Lithology.-Based on the original material, the tracks were made in dark grey silt. Natural casts are preserved in light grey medium−grained sandstone showing mud−crack casts up to 6 mm in width.
Description.-Trackway of a quadrupedal tetrapod with pentadactyl, plantigrade footprints; manus and pes imprints are distinct in size and shape ( Figs. 1, 2 ; Appendix 1). Pes im− prints measure up to 15 cm in length and up to 17 cm in width. Digits I to IV of the pes imprint exhibit a serial in− crease in length, whereas digit V is about as long as III. Due to a significant decrease in relief from digit I to V, the outer digit is either reduced to a faint imprint of the digit tip or missing entirely (Fig. 1D, F) . Digit tips I to IV are bent to− ward the trackway midline. The sole of the pes imprint is rep− resented by a deep and structure−less impression.
The manus imprints average about 11 cm in length and 12 cm in width. Digits I to III of the manus imprints exhibit se− rial increase in length. Digit III is of nearly the same length as IV, in some cases shorter, in others slightly longer than IV. Digit V varies in length between digits II and III. Digit im− prints I to IV commonly with hemispherical, slightly en− larged tips. The digits of the manus tracks are more evenly deep impressed than those ones of the pes tracks. The sole is a deep impression either showing a convex, straight, or slightly concave proximal margin. Some of the tracks nota− bly possess a clearly distinct oval pad proximal to the first digit (Fig. 1E) .
The trackway pattern is characterised by an alternating arrangement of inversely coupled manus−pes imprints (Fig.  2) . Inversion means that associated tracks belong to consecu− tive couples, with the manus imprint lying closely behind the pes imprint of the succeeding step cycle. Low pace angu− lation, the relatively short length of stride, and a relatively wide gait are further characteristics of the trackway pattern (Appendix 1). The pes imprints are pointed outwardly about 30°on average, whereas the manus imprints are placed al− most parallel to the trackway midline.
Remarks. -Kukuk (1924 -Kukuk ( , 1926 interpreted the anterior track of coupled imprints of this trackway to be the imprint of the manus, judged from the trackway pattern and the apparent tetradactyl tracks. Abel (1935) equivocated about the number of digits present in the questionable imprints, whereas Schmidt (1956 ) and, later, Haubold (1970 , 1971 ) agreed with Kukuk's interpretation of a four−toed manus. Fichter (1982) proposed the alternative view that both, manus and pes im− prints are pentadactyl and that the larger of the two, though placed in front of two closely spaced footprints, corresponds to the pes. The debate stems from two unusual features of the trackway: (i) the mediolateral decrease in relief of the pes im− prints, which prevents a distinct impression of the fifth digit (Fig. 1D) ; and (ii) the relatively short length of stride, which causes an alternating arrangement of inversely coupled manus−pes imprints (Fig. 2) . 60 ACTA PALAEONTOLOGICA POLONICA 55 (1), 2010 300 mm (Schmidt, 1956 ) from the Late Carboniferous Bochum Formation, Ruhr area, Germany, represented by the longest and best preserved trackway of the holotype. Photograph and drawing are based on the four−part resin replica (DBM 060003309001 to DBM 060003309004). Note: the first two imprints are er− roneously replicated twice and therefore not shown in the outline drawing. Dotted zigzag line links the pes imprints, and dotted track outlines indicate the position of imprints, which are reasoned from the step cycle but not pre− served on the cast. Schmidt (1956) assigned the tracks of the Bochum slab to Megapezia Matthew, 1903 from the Mississippian of Nova Scotia. From his point of view, both track morphs share a tetradactyl manus imprint with a posteriorly extended sole. Haubold (1970) agreed that the "manus imprints" are similar, but stressed the short and wide "pes imprint" of the Bochum tracks as being unique. Therefore, he introduced the new ichnogenus Schmidtopus Haubold, 1970 . Even though set− ting right the interpretation of the trackway pattern, Fichter (1982) maintained Schmidtopus as a separate ichnotaxon re− ferred to the Bochum tracks.
Fig. 2. Tetrapod footprints of Ichniotherium praesidentis
Based on careful reanalysis of the type material, we as− sign the Bochum tracks to the well−known Permo−Carbonif− erous ichnogenus Ichniotherium Pohlig, 1892. Both track morphs share several main imprint characters ( Fig. 1D-G ): (i) pentadactyl manus and pes imprints; (ii) distally rounded digit imprints with enlarged tips ("drumsticks" sensu Korn 1933 ); (iii) pes imprints with a mediolateral decrease in relief; (iv) manus imprints with evenly distributed relief; and (v) inwardly curved digit tips (I-IV). In addition, Ichnio− therium praesidentis exhibits the typical preservation of Ichniotherium undertracks (Fig. 3) .
In comparison to the well−established Permian ichno− species Ichniotherium sphaerodactylum (Pabst, 1895) and I. cottae (Pohlig, 1885), I. praesidentis differs in its inversely coupled manus−pes sets of the trackway pattern ( Fig. 4A-G) . The Bochum trackway indicates a very slow−moving indi− vidual with respect to the low stride, short manus−pes dis− tance, high width of pace, and small pace angulation (Fig.  4H, I ). The relative length of pace lies within the range of variation obtained for the other Permian ichnospecies (Fig.  4H ). This is possible because the short stride is accompanied by a relatively high width of pace. Another difference con− cerns the strongly outward rotation of the pes imprints of I. praesidentis (b in Fig. 4I ). More similar are the imprint and digit proportions (Fig. 4I-K ) with pes imprints being one third longer than the manus imprints (Appendix 2; Voigt et al. 2007 ). The digit proportions of I. praesidentis are almost congruent with those of I. sphaerodactylum, but differ signif− icantly from the digit proportions of I. cottae by the relatively longer digit V of the pes imprint (Fig. 4J) . I. sphaerodacty− lum has the most extended digit V of all Late Carboniferous to Early Permian tetrapod ichnotaxa (Voigt 2005) . The rela− tively long outer digit of the pes imprint clearly separates the Bochum trackway specimen from similar forms such as Amphisauropus Haubold, 1970 , and provides strong basis for placing the tracks within Ichniotherium.
I. praesidentis differs from all other Ichniotherium ichno− species in having a distinct pad at the base of the first digit. I. willsi Haubold and Sarjeant, 1973 , from the Westphalian D of Great Britain, has outwardly rotated pes imprints similar to the Bochum trackway. Both ichnospecies, however, differ signifi− cantly by the relative length of the fifth digit of the pes imprint.
Nomenclature.-The tracks of the Bochum slab are most similar to Ichniotherium Pohlig, 1892 and are thus assigned to that ichnogenus herein. Schmidtopus, which was intro− duced for these tracks by Haubold (1971) , is considered as a junior synonym of Ichniotherium. Being different from all previously defined Ichniotherium ichnospecies in having a distinct pad at the base of the first digit and a pes imprint that is outwardly rotated, the Bochum track represents a separate ichnospecies. Using the first available specific epithet, the valid name for the discussed tracks is Ichniotherium praesi− dentis (Schmidt, 1956 ).
Osteological interpretation.- Kukuk (1924) supposed the trackmaker of the Bochum tracks to be a Late Palaeozoic batrachomorph based on the salamander−like trackway pat− tern and the apparently tetradactyl nature of what were inter− preted as manus imprints. Later, he included early amniotes as potential trackmakers, suggesting that the pointed digit tips of some tracks resulted from the presence of claws or nails (Kukuk 1926) . Abel (1935) agreed that the tracks were made by a clawed animal, before Kukuk (1938) speculated on a pareiasaurian−like reptile as the potential trackmaker. Schmidt (1956) stressed the tetradactyly of the misinter− preted manus imprint as the most crucial character identify− ing the trackmaker as a large temnospondyl such as an eryopid. Haubold (1970 Haubold ( , 1971 Haubold ( , 1973 Haubold ( , 1984 agreed with this interpretation, as did Fichter (1982) , who referred to recon− structions of Palaeozoic temnospondyls showing a penta− dactyl autopodium of the fore limb. For about the past decade, Ichniotherium tracks have been regarded as belonging to diadectids (Fichter 1998; Haubold and Stapf 1998; Haubold 2000; Voigt and Haubold 2000; Voigt 2001 Voigt , 2005 Berman and Henrici 2003; Kissel and Reisz 2004a; Voigt et al. 2005 Voigt et al. , 2007 . This interpretation is based on the abundant record of Ichniotherium tracks and diadectid skeletal remains at the Early Permian Bromacker locality in central Germany (Berman et al. 1998 (Berman et al. , 2004 Hau− bold 1998; Voigt and Haubold 2000; Voigt et al. 2007 ). Diadectids are the most diverse clade of the Late Carbonifer− ous to Early Permian Diadectomorpha, which also includes limnoscelids (Williston 1912; Romer 1946 ) and the mono− typic Tseajaiidae (Vaughn 1964; Moss 1972) . Even though some differences in the appendicular skeleton of limnosce− lids, tseajaiids, and diadectids exist (Romer 1946; Berman and Henrici 2003; Pelletier et al. 2007 ), discrimination of the three biotaxa by tracks is not possible at the current state of knowledge because of inadequate knowledge of the hind limbs, e.g. for Tseaja campi Vaughn, 1964 (cf. Moss 1972 . Without associated skeletal remains, as is the case for the dis− cussed Westphalian footprints, biotaxon assignment of Ichniotherium tracks should be conservatively posited no lower than Diadectomorpha. 1963 Herpetichnus erini Schmidt, 1963: 179-184, fig. 1 (Figs. 5, 6A , B, Ap− pendix 3). Imprints are always longer than wide, with distally pointed slender digits and proximally elongated heel. Sole of the pes may cover almost half of the length of the imprint. In both manus and pes imprints, digits I to IV exhibit a serial in− crease in length; digit V is longer than II in the pes imprint, but shorter than II in the manus imprint. Pes imprints mea− sure up to 14 cm being about 50% larger than the manus im− prints. Manus imprints up to one third longer than wide, with a total digit angulation of 77.5°on average. Pes imprints more than 50% longer than wide with a mean total digit angulation of 61.5°. The trackway pattern shows a more or less alternating ar− rangement of imprints, where the manus imprint of the one side of the trackway is nearly opposite a contralateral pes. In some parts of the trackway the manus−pes couples are so closely spaced that the trackway pattern merges into an alter− nating arrangement of inversely coupled imprints similar to that described for I. praesidentis. The trackway pattern is char− acterised by a relatively short stride, wide gait, and low pace angulation. Deviation of the manus and pes imprints from trackway midline is highly variable; both imprints may be sig− nificantly pointed inwardly or outwardly; on average, how− ever, the imprints are placed almost parallel to the trackway midline (Appendix 3).
Remarks. -Schmidt (1963) prints. Following the proposal of Nopcsa (1923) , who had as− signed Ichnium acrodactylum to Herpetichnus Jardine, 1850 from the Early Permian of Scotland, Schmidt (1963) Schmidt 1963) . Neither imprint morphology nor trackway pattern support ichnogeneric separation. As Schmidt (1963) observed, the digit imprints of these tracks are charac− terised by their narrow middle part. This is a typical feature of Dimetropus tracks, whose most deeply impressed segments are the metatarsal− and metacarpal−phalangeal pads and the claws (cf. Voigt 2005) . Fichter (1982: 58) and even Haubold (1971: 27) noted the striking similarity between the Castrop tracks and Dimetropus; the reservation of these authors on the ichnogeneric identity might be due to stratigraphic age dis− crepancies.
Eleven ichnospecies of Dimetropus have been named, of which three were accepted as valid taxa by Haubold (2000): D. leisnerianus (Geinitz, 1863) , D. berea (Tilton, 1931) , and D. nicolasi Gand and Haubold, 1984 . Lacking reliable crite− ria for ichnotaxonomic discrimination other than stratigra− phy and locality, Voigt (2005 Voigt ( , 2007 argued for a mono− specific ichnogenus Dimetropus. The trackway pattern of the Castrop specimen is similar to trackways of D. leisnerianus made by slow−moving individuals (Fig. 7A-D) . All differ− ences of the trackway pattern, including the shorter length of stride, the higher manus−pes distance, and the lower pace angulation, can be explained by a reduced speed of gait. Co− incidence is given for the relative length of pace and the devi− ation of the pes imprints from midline (Fig. 7E, F) . The Castrop specimen differs from D. leisnerianus in having rel− atively longer manus and pes imprints (Fig. 7F) ; minor dif− ferences concern the digit proportions (Fig. 7G, H) . The rela− tively higher length of imprints and the relatively shorter digit V of the pes imprint of the Castrop tracks might be of ichnospecific relevance. Because consistency of the features can not be assessed by a single specimen, the Castrop tracks are tentatively referred to Dimetropus with open nomencla− ture on the ichnospecies level. Nomenclature.-The Castrop tracks are indistinguishable from Dimetropus Romer and Price, 1940 and are conse− quently assigned to that ichnogenus. Dimetropus is a valid, widely accepted, and well characterised taxon for Palaeozoic tetrapod footprints. Herpetichnus was erroneously used for Dimetropus tracks from the Early Permian of central Ger− many by Nopcsa (1923) , but there is no synonymy of that ichnotaxa as repeatedly stated by several authors (Haubold 1971 (Haubold , 1984 (Haubold , 1996 (Haubold , 2000 Fichter 1982; Voigt 2005) .
Osteological interpretation.-The Castrop tracks were re− ferred to an amniote trackmaker by all previous authors (Schmidt 1963; Haubold 1971 Haubold , 1973 Haubold , 1984 Fichter 1982) . Whereas Schmidt (1963) and Fichter (1982) proposed an as− sociation with early edaphosaurids, Haubold (1971) com− pared the specimen with footprints of supposed captorhino− morph affinity, but conceded that the tracks could also have been made by basal synapsids ("pelycosaurs") due to the large size of the imprints.
Dimetropus is usually referred to Eupelycosauria, which include edaphosaurids, sphenacodontids, ophiacodontids, and varanopids (Tilton 1931; Romer and Price 1940; Haubold 1971 Haubold , 1984 Haubold , 1996 Haubold , 2000 Fichter 1976 Fichter , 1979 Fichter , 1983 Gand 1988; Haubold et al. 1995; Voigt 2005; Voigt et al. 2005) . With the exception of some large caseids such as Cotylo− rhynchus, the manus and pes structure of basal synapsids ("pelycosaurs") are generally similar (Reisz 1986 ). Varano− pids are unique in that the fourth digit appears to be extended showing digital proportions similar to the tracks of Tamba− chichnium Müller, 1954 (cf. Voigt 2005 . At the current state of knowledge, the ichnogenus Dimetropus subsumes tracks of a wide range of non−therapsid synapsids.
Discussion
Osteological interpretations of fossil tetrapod footprints are commonly ambiguous because of the limited number of ana− tomical features which can be adequately reflected by tracks and trackways. The reliability of candidate trackmaker identi− fications commonly relies to some extent on isochronistic oc− currences of bio− and ichnotaxa. Therefore, we will compare the taxon distribution of Ichniotherium with diadectomorphs, and Dimetropus with "pelycosaurian"−grade synapsids, re− spectively.
The oldest known occurrence of Ichniotherium is that of I. willsi Haubold and Sarjeant, 1973 from the Salop Forma− tion, Westphalian D (Kasimovian) of Alveley near Birming− ham, Great Britain Sarjeant 1973, 1974; Tucker and Smith 2004) . Diadectomorphs, the most likely progenitors of Ichniotherium trackways, are known from Late Pennsylvanian to Early Permian (about Bashkirian to Artinskian) deposits (Berman and Henrici 2003; Kissel and Reisz 2004b; Reisz 2007) . Excluding very fragmentary ques− tionable limnoscelids, such as Limnostygis relictus Carroll, 1967 , from the Westphalian D of Florence, Nova Scotia, the diadectid Desmatodon Case, 1908 from the Missourian (Ste− phanian A) Red Knob and Sangre de Cristo formations of Pennsylvania and Colorado, respectively, represents the first appearance of diadectomorphs (Kissel and Reisz 2004b) . According to the present state of knowledge, the supposed diadectomorph track record only slightly antedates the dia− dectomorph body fossil record. Haubold and Sarjeant, 1973 from the Salop Formation, Westphalian D (Kasimovian) of Alveley near Birmingham, Great Britain is the oldest known occur− rence of the ichnogenus Dimetropus Sarjeant 1973, 1974; Tucker and Smith 2004; Voigt 2005 ). Hunt and Lucas (2004) and Hunt et al. (2005) assigned tracks from the Westphalian A Pottsville Formation in the Black Warrior ba− sin of Alabama to Dimetropus; however, because the speci− mens are undertracks (as noted by the authors), their assigna− tion is questionable. Skeletal remains of Late Carboniferous synapsids as the most likely producers of Dimetropus track− ways have been reported from nearly 20 localities in North America and Europe (cf. Kissel and Reisz 2004a) . Proto− clepsydrops haplous Carroll, 1964 from the Westphalian A Joggins Formation of Nova Scotia was identified as an ophia− codontid synapsid in the original description (Carroll 1964) , which would be the oldest known synapsid ("pelycosaur"). However, the poor quality of the holotype and the three re− ferred specimens leave doubt about the identity of the taxon (Kissel and Reisz 2004a) . With the ophiacodontids Archaeo− thyris florensis Reisz, 1972 and Echinerpeton intermedium Reisz, 1972 , an unnamed sphenacodontid, and two unnamed, indeterminate forms, the earliest definitive synapsids come from the Westphalian D Florence locality of Nova Scotia (Reisz 1972) . About the same age are findings of Archaeo− thyris from Linton, Ohio, and Nýřany, Czech Republic (Reisz 1975) . Thus, the unquestionable record of Synapsida and re− ferred tracks currently dates to the Middle Pennsylvanian.
Dimetropus salopensis
Ichniotherium praesidentis and Dimetropus sp. from the early Late Carboniferous of Germany predate the first occur− rence of diadectomorphs and synapsid reptiles by about 5-10 Ma to the Early Pennsylvanian (313.5-315 Ma, West− phalian A, Bashkirian; Fig. 8 ). This might be used as an argu− ment against the proposed trackmaker interpretation. How− ever, based on widely accepted phylogenetic analyses, the diadectomorphs comprise the sister taxon to all amniotes (Gauthier et al. 1988; Reisz 1995, 1997; Lee and Spencer 1997) , which on their parts are characterised by a basal dichotomy of synapsids and sauropsids (Reisz 1997; Laurin and Reisz 1999; Kissel and Reisz 2004a) . Accepting the analyses means that the origin of diadectomorphs must be at least as old as the oldest known amniote and synapsid ori− gin must date at least to the age of the oldest known sauro− psid. The earliest definitive amniote is the sauropsid Hylo− nomus from the Joggins Formation of Nova Scotia (Carroll 1964; Falcon−Lang et al. 2006) (Reisz 1986; Kissel and Reisz 2004a, b) . Cladogram topology and minimum times of divergence are based on Kissel and Reisz (2004a, b) , Müller and Reisz (2004) , and Reisz (2007) . The chronostratigraphic scale is adopted from Menning (2005) .
Bochum Formation (315.0-313.5 Ma; Menning et al. 2005) . Thus, giving credit to the phylogenetic relationship of early tetrapods (Gauthier et al. 1988; Laurin and Reisz 1995 , 1997 , 1999 Lee and Spencer 1997) , diadectomorphs and "pelyco− saurian"−grade synapsids must have existed by the West− phalian A, which is in full agreement with the proposed trackmaker identification of the footprints discussed herein (Fig. 8) .
Conclusions
The tracks from the early Late Carboniferous of Germany provide substantial data for an interpretation in favour of basal diadectomorph and synapsid origin, respectively. As stated by various authors (e.g. , Milner 1987; Reisz 1997 Reisz , 2007 Reisz and Müller 2004) , the large, heavily−built dia− dectomorphs and basal synapsids (edaphosaurids, sphena− codontids, haptodontids etc.) which appear for the first time in the Stephanian of North America and Europe must have had antecedents in the Westphalian faunas. Long ghost lin− eages of early amniotes and close relatives probably result from taphonomic bias, considering that our knowledge of Westphalian tetrapods is ecologically restricted to lowland faunas with preservation of rather small terrestrial tetrapods (Reisz 1997 (Reisz , 2007 Reisz and Müller 2004) . The Bochum and Castrop tracks clearly indicate the existence of reptilio− morphs and early amniotes of more than 400 mm snout−vent length during the Early Pennsylvanian, suggesting that the vertebrate fossil record from the lycopod tree stumps of the contemporaneous Joggins Formation of Nova Scotia is highly selective with respect to body size (Reisz 1997 ). Therefore, the described trackways may represent one of the rare fossil records of large terrestrial tetrapods from early Late Carboniferous upland ecosystems. Phylogenetic analyses suggest that the palaeoequatorial regions of central Laurasia, which are western and central Europe today, served as a centre of origin for several Late Palaeozoic amniote clades especially parareptiles and eure− ptiles (Müller and Reisz 2005; Müller et al. 2006 Müller et al. , 2008 . This pattern might be also true for basal synapsids and diadecto− morphs taking into account that the first appearance of these groups is now given by tetrapod footprints from Germany. Besides, the German tracks may be a useful correlative for the controversial interpretation of large tetrapod footprints from similarly aged strata, such as the Pottsville Formation of Alabama (cf. Haubold et al. 2005; Hunt and Lucas 2004; Hunt et al. 2005 -7 2  L1  30  49  76  --28  38  45  40  ---105  ---R2  45  64  71  94  ---32  28  26  149  -102  116  65  -L2  33  52  73  92  -25  35  38  -21  162  -98  118  -67  R3  37  47  64  83  -31  36  40  48  33  144  -116  118  -74  L 3  -----2 
